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???????????Shcherbata et al., 2004?Grobhans et al., 2000?Thomas 
et al., 2000??Tribbles?????/????????????????????
??/?????????? 12 ? sub-domain ???? kinase catalytic core 
domain ???????????????????????????????
ATP ??????????????????????????Tribbles ???
????????????????Johnston et al., 2000??Tribbles?????
??????dog; C5FW?rat; NIPK?human; TRB?????????????
???????????????????????????????????
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??????????Bowers et al., 2003?????? Tribbles???????
? TRB?tribbles related protein???????? 3???TRB1?TRB2?TRB3?
????????Tribbles ??????/?????????????????
????????ATP ?????????????????????????
?????Bowers et al., 2003????? pseudokinase??????????
??Fig.2???? TRB3? Akt/PKB??????????????????? 
 
Fig. 2  TRB3 contains the classic substrate-binding domains of a protein kinase but not 
ATP-binding and kinase-activating domains. 
???????????????????????????????????
???????Du et al., 2003??TRB3? MAPKK?mitogen-activated protein 
kinase kinase????? MAPK?mitogen-activated protein kinase??????
???????????????Kiss-Toth et al., 2004???????????
??????????????????????????????????
Ohoka ????????????????????? TRB3 ????????
???????????????????????Ohoka et al., 2005?????
??????? PPARγ?peroxisome proliferators-activated receptor γ????
??????????Takahashi et al., 2008???????????TRB3??
???????????????????TRB3??????????????
?? Akt????????????Du et al., 2003?Koo et al., 2004??TRB3
?????? ACC?acetyl-coenzyme A carboxylase????????????
???????????????????????Qi et al., 2006?????Cdk
????????? cell division cycle 25A?Cdc25A?????? TRB3???
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Fig. 3  (A) Proliferation assay with siRNA inhibition in colorectal cancer cell line.  (B) 
Overall survival rates of patients with colorectal cancer on the basis of TRB3 mRNA 
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al., 2008????????????TRB3? C/EBP homologous protein?CHOP?
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????????? M2 ???? M2mock ????????????????
??M2TRB3 ?????????????? HEK293 ?????????? 
HepG2??????? TRB3 mRNA????????Fig.4A???? TRB3 mRNA
?????????????pcDNA3.1-Hygro-flag-human TRB3 ??????
? PCR ????????????????????????Fig.4A?????
?? M2?? M2mock???????????? TRB3 mRNA???????
TRB3 ????? M2TRB3 ???????????????????????
????????? TRB3????????????TRB3??????? Flag 
 
 
Fig. 4  Expression status of exogenous human TRB3 and endogenous mouse TRB3 in the 
indicated cell lines.  (A) Representative results of the RT-PCR analysis. The band in the 
positive control was derived from DNA fragments that were PCR-amplified using 
pcDNA3.1-Hygro-flag-human TRB3 vector as a template and the pairs of gene-specific primers 
listed in Materials and Methods. No band was noted in the negative control since the empty 
vector (pcDNA3.1- Hygro) that does not carry specific sites for the primers was used as a 
template for PCR. Bands of β-actin were not observed in the positive and negative control 
samples due to the same reason as the negative control. (B) Representative results of the 
Western blot analysis. The exogenous human TRB3 (Flag-TRB3) protein was detected in the 







TRB3 ??????????????????M2TRB3 ????? M2mock
????????????????????????????M2TRB3 ???
??48h? 72h???? M2mock???????????????P<0.01 and 
0.05, respectively??Fig.5A??72h???M2mock?????? M2TRB3??
???34%???????????????????????? M2TRB3??
??????????????????????????tumor xenograft mouse 
model????????? 6? ???????????????????????




Fig. 5  Growth enhancing effects of the TRB3 gene.  (A) Growth curve of the cell 
proliferation assay. Asterisk(s) indicate statistical significance between the two cell lines 
(*P<0.05, **P<0.01). (B) Volume of the M2TRB3 tumors and M2mock tumors. Asterisk 








Fig. 6  Representative histological features of the M2mock (left rows) and M2TRB3 
tumors (right rows).  Upper panels were stained with hematoxylin and eosin (HE) and lower 
panels show immunohistochemical staining of proliferating cell nuclear antigen (PCNA). 
Approximately 20 and 35% of M2mock and M2TRB3 cells were PCNA-positive (arrows), 
respectively. Magnification was x400 in all four images. 
 









?? (Fig.6??) ????????M2TRB3??????????9.4±0.3 µm?
??M2mock ??????????7.0±0.2 µm?????????????
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?P<0.001??????????????????? PCNA?proliferating cell 
nuclear antigen????????PCNA labeling index???????????
????????? 6? ????????????M2TRB3??? PCNA labeling 




Fig. 7  PCNA labeling index in the M2, 
M2mock and M2TRB tumors.  A marked 
difference was noted between M2mock and 
M2TRB3 tumors but this difference did not 













G0 / G1?????????0h?? 72h??????????????????
????????Fig.8? M2mock???? M2TRB3???????????
???? DNA??????????????Table I? DNA????????
??????? 
???M2mock ?????????2N?4N ?? 8N???????????
???????????????????????????????????
??????M2mock??? 2?????????? 12-16%????????
?????M2TRB3 ???? 2 ???????????????Table I ?? 
Fig.8 ??0h?72h??????M2mock ????????M2TRB3 ??? 0h ?
72h ???? 8 ??????????? 19%?12%???????P<0.05?
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Fig. 8  Effects of the TRB3 gene on DNA ploidy.  Representative results of the flow 
cytometric analysis.  After synchronizing cells in the G0/G1 phase, ploidy status was 
determined by flow cytometric analysis at 0 (left two panels) and 72 h (right two panels) in the 
M2mock and M2TRB3 cell lines. Note three peaks (2N, diploid; 4N, tetraploid; 8N, octaploid) 
in different locations in the DNA histogram.  
 
 
Table I  Distribution and 
rate (%) of ploidy in the 
M2TRB3 and M2mock cell 
lines.  Differences in the 
percentage of ploidy in 
M2TRB3 and M2mock cell 
lines. M2TRB3 vs. M2mock, 












? Cyclin B1?Cyclin D1?Cdc2?Cdk2 ?? Cdk4????????????
???????Fig.9???????M2TRB3?????? TRB3??????
????0h??? 72h?????????????????????? TRB3
?????M2mock ???M2TRB3 ????????????????72h ?
??????????M2TRB3?????????????? 
 
Fig. 9  Effects of the TRB3 
gene on protein expression. 
Protein expression status of 
cell cycle control molecules 
and TRB3 in M2mock and 
M2TRB3 cell lines. Cell 
lysates were extracted at the 
indicated times (h) of the cell 
culture and then examined by 
Western blot analysis for the 
indicated proteins, using the 
respective antibodies, as 
described in Materials and 
Methods. β-actin was used as 
an internal control. Exogenous 
human TRB3 and endogenous 
mouse TRB3 are describes as 
exogenous and endogenous, 
respectively. 
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??????? 2?????? 4???????????M2TRB3???? 4
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?????????????????????Cyclin D1? Cdk 4? Cdk 6??
???????RB ?????????????????????? E2F ??
??????? E2F???????????G1??? S??????????
???Chellappan et al., 1991?Hunter et al., 1994?Johnson et al., 1993?
Weinberg et al., 1995?Wilson et al., 2001???? Cyclin D1????????
???????????????????????????????????
??????????Bartkova et al., 1995?Staibano et al., 2001?????Cyclin 
B1??Cyclin D1????? Cdc 2???????????????????
? G2/M???????????Collecchi et al., 2000?????M2TRB3???
????Cdc2?Cdk2?? Cdk4????????????Cyclin B1?? Cyclin 
D1??????????????????Fig.9??M2TRB3??? M2mock?
?????? 2?????????????????Cyclin B1? Cyclin D1?
?????TRB3????????????????????????????
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? 4 ??????????>2N?????????????????????
??????????????????????Collecchi et al., 2000?Yin et al., 
2001??Cyclin B1 ?????????????????????APC/CCdh1 
?anaphase-promoting complex/cyclosome????????????????
??????????????????? Cyclin B1????????????
???Lukas et al., 1999???????????????? APC/CCdh1????
TRB3??????????????Cyclin B1??????????????
?????????????Ohoka et al., 2010???????????????






















1. ?? TRB3??????????????? Cre????????????
???? 




??????????????????????????????Anton et al., 














Fig. 10  Scheme of recombination of hTRB3 construct.  The pCALNL-flag-hTRB3 
construct is comprised of a hybrid CMV enhancer/chicken β-actin (CAG) promoter, a cassette 
for the neomycin resistance gene flanked by loxP sites, and a sequence containing a human 
TRB3 with a Flag-tag.  Infection with the Cre expressing adenovirus results in recombination 
of hTRB3 construct, eventually generating a functional flag-hTRB3 gene expression unit.  
GpA, rabbit β-globin poly A site; pA, SV40 early poly A site. 
 
????????????lane 4??????????????lane 5???
? ? ? ? ? ? ? ? ? ? pCALNL5 ? ? ? ? TRB3 ? ? ? ? ? ? 
?pcDNA3.1-flag-hTRB3?? COS7???????????Fig.11A?????
lane 1??? TRB3?????????????pCALNL-flag-hTRB3?? Cre
???????pxCAN-Cre????????? COS7???????????
????Lane 4?? lane 5???????????????????????
???????????????????COS7 ????? TRB3 ?????
???????? Cre???????????????????lane 1????
???????????lane 5??????????????FLAG-hTRB3? 









detection of hTRB3 
DNA fragment.   
(A) Conditional 
expression of hTRB3.  
Lysate sample in lane 
1 was derived from 
COS7 cells that were 
transfected with both 
hTRB3 transgene 
construct (pCALNL- 
flag-hTRB3) and Cre 
expression vector 
(pxCAN-Cre).  
Lysate samples of 
lanes 2 and 3 
consisted of COS7 
cells transfected with 
hTRB3 construct and 
Cre expression vector, 
respectively.  Lysate 
samples of lanes 4 and 
5 were negative and positive controls, respectively.  Negative and positive controls (lanes 4 
and 5) consisted of COS7 cells transfected with empty vector (pCALNL5) and hTRB3 
expression vector (pcDNA3.1-flag-hTRB3), respectively.  The FLAG expression was present 
(lane 1) as seen in the positive control (lane 5).  (B) Detection of hTRB3 DNA fragments by 
PCR assay.  We used hTRB3 transgenic mice (hTRB3 mice) as described in the materials and 
methods section.  Genomic DNA was extracted from mice tails and used for amplification of 
hTRB3 and IL-2 DNA fragments.  (upper panel) hTRB3 DNA fragment was seen in 4 mice of 
8 potential transgenic mice.  The number indicates the individual mouse number.  (under 
panel) hTRB3 DNA fragment was seen in 7 of 8 offspring generated by mating hTRB3 mice 
with wild mice. 
 
 





???????????? 4 ???? TRB3 ???????????????
???Fig.11B ????Wagner ?????????????????????
????? 23%???????????Wagner et al., 1981????????
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???????????????????? 10-40%?????????Hogan 
et al., 1994????????? Cre / loxP?????????????????
??????????????4?????? 4 / 184 x 100 = 2 %??????






???????????MEF; mouse embryonic fibroblast??????????
??????????PCR??????? TRB3?????????????
?? DNA???????????? TRB3 MEF?????? MEF?????
???? TRB3???????????????????? 14???????
????????????????? 6? ????????????????
?? Cre ???????????????????????????? TRB3 
MEF ?????????????????168-bp ? DNA ??????? 
?Fig.12A?? 
???????????????????????? Cre?????????
???????????? TRB3 MEF???????? 1,374-bp? DNA??
??????????? TRB3???? mRNA??????????????
? RT-PCR ??????????????????????????????
TRB3 ?????? mRNA ???????????Cre ??????????
?????? TRB3 MEF ??????????????Fig.12B ?? C ???
Cre??????????????????? MEF????????? TRB3 
mRNA????????????????????Fig.12 B?? C??? 
 21 
 
Fig. 12  Confirmation of recombination of hTRB3 construct and hTRB3 mRNA/protein 
expression in hTRB3 MEF cells.  hTRB3 MEF and MEF cells were generated from hTRB3 
and wild mice, respectively.  These cells were treated with Cre expressing adenovirus (0, 100, 
200 MOI).  MOI indicates multiplicity of infection.  (A) Confirmation of recombination of 
hTRB3 construct in hTRB3 MEF cells by PCR assay.  A 168-bp DNA fragment derived from 
recombinant hTRB3 construct was seen in cells treated with Cre expressing adenovirus.  
hTRB3 DNA fragments were not PCR-amplified in MEF cells (data not shown).  (B) 
Confirmation of hTRB3 mRNA expression in hTRB3 MEF/MEF cells by RT-PCR assay.  
Increasing mRNA expression was seen in hTRB3 MEF cells (left panel).  No mRNA 
expression was seen in MEF cells (right panel).  (C) Confirmation of hTRB3 protein 
expression by western blot assay.  hTRB3 protein expression was observed in hTRB3 MEF 
















Fig. 13  Representative histological features of the liver, spleen, and kidney tissues of 
hTRB3 and wild mice without Cre treatment.  Note that no apparent histological 
differences were observed between hTRB3 (upper panels) and wild (lower panels) mice, both of 
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???????????????? FLAG ???????????? TRB3 ?
???????????????????????????????????











Fig. 14  Representative histological features of liver, spleen, and kidney tissues of hTRB3 
and wild mice with Cre treatment.  hTRB3 and wild mice were infected with Cre expressing 
adenovirus.  (upper panels) HE staining of liver, spleen and kidney tissues derived from 
hTRB3 mouse.  Note that nuclear size of hepatocyte increases compared to that of wild mouse.  
Slight perivascular inflammation is also seen in liver tissue.  (under panels) HE staining of 
liver, spleen and kidney tissues derived from wild mouse.  No apparent abnormality was seen.  















Fig. 15  Immunohistochemical analysis of liver, spleen and kidney tissues of hTRB3 mice 
with Cre treatment.  hTRB3 mice were infected with Cre expressing adenovirus. (A) 
Immunoshistochemical staining of liver tissue derived from hTRB3 mouse.  Note that 
FLAG-mediated hTRB3 protein expression was seen in the cytoplasmic region of hepatocytes 
(arrow) and sinusoid of the liver tissue (arrowhead).  FLAG-mediated hTRB3 protein 
expression was faintly or uncertainly stained in the remaining hepatocytes.  (B) 
FLAG-mediated hTRB3 protein expression was seen in lymphocytes of spleen tissue.  (C) In 
the kidney tissue of the hTRB3 mouse, hTRB3 was positively stained in epithelial cells of the 
tubules and collecting duct.  (D) hTRB3 was also positively stained in endothelial cells of the 
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????????????Anthony et al., 1973???????????????
?????????????????????????Clawson et al., 1981?
Enzmann et al., 1995?Wiemann et al., 1999?????Clawson??????



















???????????????????????????Miyoshi et al., 2009??
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et al., 2013?????????????????????? TRB3??????




??????????????????Jorgensen et al., 2004????????
M2TRB3??? 9.4 ± 0.3 µm?M2mock??? 7.0 ± 0.2 µm????????
???????????????????????M2mock ??????? 2
?????? 4?????????M2TRB3??????? 4?????? 8
??????????????????????Table I??Danielsen????
???????????????????2???4???8?????????
???? 6.0-7.5 µm?7.5-9.0 µm?9.5-11.0 µm??????Danielsen at el., 
1986???????????????TRB3????????????????
???????????????? 
????????????????? Cl66M2 ????????? Cl66 ??
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Fig. 16  Working hypothesis about the role of TRB3 in cell proliferation and 
chromosomal instability 
 
TRB3 ??????? DNA ??????????????????????
???? Fig. 16??????????M2TRB3???? Cyclin B1? TRB3?
???????????Cyclin B1??Cdc 2???????????????
??G2/M???????????????????????????? Cyclin 
B1 ???????????????? APC/Ccdh1?anaphase-promoting 
complex/cyclosome-cdh1????? TRB3 ????????????????
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???????????????????????????G1??? S???
?????????Chellappan et al., 1991?Hunter et al., 1994?Weinberg et al., 
1995?Wilson et al., 2001?? 
????Cyclin B?? Cyclin D1????????????????????
????4???????>2N??????????????????????
?????????????????????Collecchi et al., 2000?Yin et al., 
2001????????????TRB3 ????????????? Cyclin B ?
Cyclin D1???????????????????????????????
?????????????????????????????? 
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?????????Clawson et al., 1981?? 
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 ????????	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  
 
???? 
293??????????????American Type Culture Collection?ATCC, 
Manassas, VA???????? 293 ???? HepG2 ??????????
????Dulbecco’s Modified Eagle’s Medium?DMEM??Wako Pure Chemical 
Industries, Ltd., Osaka, Japan??10% fetal bovine serum?FBS??Life 
Technologies, Inc., Rockville, MD?????5% CO2???37°C??????
Cl66M2 (M2)?????????????Dr. Rakesh K. Singh?University of 
Nebraska Medical Center, Omaha, NE, USA??Futakuchi et al., 2009????
????DMEM ? 5% FBS ???? 5% CO2 ??? 37°C ?????? 
 
??????? 
Flag-TRB3?Ohoka et al., 2005????????? BamHI ?? XhoI ???
? ? pcDNA3.1-Hygro ? ? ? ? ? Life Technologies ? ? ? ? ? ?
pcDNA3.1-Hygro-Flag-hTRB3 ????????? DNA ??????????
??? 
 
TRB3 ????? M2TRB3 ??? 
M2 ? ? ?  Lipofectamine 2000 ? Life Technologies, Inc. ? ? ? ? ? 




??????? RT-PCR ???????????????????? 
 
?????? 
M2TRB3 ?? M2mock ??? 1.0×104 ??6 well plate ?? well ?????
0.5% FBS ???? DMEM ?48???????48??? 10% FBS ???? 
DMEM ?????????????0???????0?24?48?72????
??????????? 1 ml phosphate buffered saline?PBS???????
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???? Burker-Turk?Erma Inc., Tokyo, Japan??????????????
???????????????????????????????? 
 
Tumor xenograft study 
4????? BALB/cSlc-nu/nu ???? Japan SLC, Inc.?Shizuoka Japan?
??????????M2TRB3 ?? M2mock ?? 1.0x106 ????????
???????? ??????mm??????g?????????????





?????????? PCNA labeling index ??? 
????????3-µm?????????????????????????
????????????? 3% H2O2 ?10?????? ?????????
????????????? 0.1 M ??????????pH 6.0??????
??? 60??? PCNA ???1:500????sc-56; Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA?????? FLAG ???Sigma, St. Louis, MO????
????????????ABC kit?Vector Laboratories, Inc., Burlingame, CA?
??????????PCNA labeling index ??PCNA????/???????
????? ???????10????? 400??? 300?????????
??? M2TRB3 ?? M2mock ?????????????????????




???????????? TRB3 ??????????????1?????? 
 
Flow cytometric analysis 
M2TRB3 ??  M2mock ???  7.5×104 ??  9-cm plates ?????
0.5%FBS ???? DMEM ??? 48 ???????????? G0/G1 ??
??????48??? 10%FBS ???? DMEM ????????????
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?0???????0?72??????????????? 1 ml PBS ????
??5 ml ? 70% ???????? 4°C ? 30???????? ?????
?????RNase?2 mg/ml??Nacalai Tesque, Inc., Kyoto, Japan?????
PBS?400 µl??400 µl?propidium iodide?PI?0.1 mg/ml??Sigma?????
????????????????PI?????????30???????60 µm 
????????????????FACSCalibur?Becton Dickinson?????
?????CellQuest computer program?Becton Dickinson?????????
???Suzui et al., 2005????????????? 
 
RT-PCR and PCR assays 
???? ISOGEN?Nippon Gene, Toyama, Japan????? Total RNA??
???????? RNA? 1 µg/µl?????????RT reaction mixture?4 µg 
total RNA?1 µl 10 mM dNTP?Life Technologies??1 µl Random primers?Life 
Technologies??7 µl ?????????65°? 5 ?? ??????1 ???
???? 4 µl? 5 x RT buffer?Life Technologies??1 µl 0.1 M dithiothreitol?DTT??
1 µl RNase out?Life Technologies??? 1 µl of Superscript III Reverse 
Transcriptase?Life Technologies?????random primer ????????









































MEF?????????PCR???????????? 0.5? 94°C? primer
??????? 0.5? 60°C ?????? 1? 72°C?26~30????? iCycler






??? radioimmunoprecipitation assay?RIPA?buffer?50 mM Tris–HCl, pH 8.0?
150 mM NaCl?0.1% sodium dodecyl sulfate (SDS)?0.5% deoxycholate?1% 
Triton X-100?????????????????? 1 µg/µl ????????
????????? SDS-polyacrylamide gel electrophoresis?PAGE? 12.5%?
??????polyvinylidene difluoride?PVDF?membrane?Immobilon P, Millipore 
Corp., Bedford, MA???????????? horse radish peroxidase?HRP?
?????????????????????????????????? 
?	 anti-β-actin monoclonal antibody?AC-15??Sigma, St. Louis, MO? 
?	 anti-CyclinB1 monoclonal antibody?sc-245?Santa Cruz Biotechnology Inc., 
Santa Cruz, CA? 
?	 anti-Cdc2 monoclonal antibody?sc-54??Santa Cruz Biotechnology Inc.? 
?	 anti-Cdk2 polyclonal antibody?sc-163??Santa Cruz Biotechnology Inc.? 
?	 anti-Cdk4 polyclonal antibody?sc-260??Santa Cruz Biotechnology Inc.? 
?	 anti-p53 monoclonal antibody?sc-126??Santa Cruz Biotechnology Inc.? 
?	 anti-p21 monoclonal antibody?sc-817??Santa Cruz Biotechnology Inc.? 
?	 anti-TRB3 polyclonal antibody ?sc-34211?Santa Cruz Biotechnology Inc.? 
?	 anti-CyclinD1 monoclonal antibody?556470? Becton Dickinson, San Jose, 
CA? 
?	 anti-Flag monoclonal antibody?018-22381??Wako? 
?	 anti-FLAG monoclonal antibody?M2, Sigma, St. Louis, MO?? 
? hTRB3?????????????????????????Ohoka et al., 
2005????????immunoStar Zeta?Wako?????????????




pCALNL5 ?????DNA Bank, RIKEN Bio Resource Center, Ibaraki, Japan?
?Kanegae et al., 1995?Tanaka et al., 2010?Niwa et al., 1991???????





?????DMEM ? 10%FBS ???? 5% CO2 ??? 37°C ?????? 
??????? pCALNL-flag-hTRB3??pcDNA3.1-flag-hTRB3???????
???????pxCANCre?DNA Bank, RIKEN Bio Resource Center?????
??pCALNL5?????????????? COS7 ??? FuGENE6 reagent
?Roche Diagnostics Corp., Indianapolis, IN????????????????
???6-cm culture dish ????????????????????????
??????? 
hTRB3?Flag???????????Cre / loxP ?????????????
??????????????? TRB3 ?????????????Fig.9??










?hTRB3?????hTRB3 ????????????????? 12h light/12h 
dark cycle ??????????????????????????????
??????????? 
hTRB3 ????????????hTRB3 MEF?? hTRB3 ??????MEF 
???????????????????????14???????????
???????????????????????????????????
???????????????1 ml ? trypsin/EDTA?Life Technologies??
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